Australian mungbean production is primarily focused in Central and Southern Queensland and Northern NSW, with around 95% of the total mungbean crop exported as a commodity to overseas markets. Significant improvement in pulse crops such as mungbean have primarily been achieved from plant breeding approaches focused on increasing yield and disease resistance. Whilst this remains crucial for the ongoing success and production of the crop, further improvements could be achieved through an increased understanding of nutritional variation, varietal performance and the impact of environmental and agronomic factors on overall nutritional quality. In this survey, the primary objective was to evaluate and compare the nutritional composition of three commercial Australian mungbean varieties (Crystal, Satin II and Celera II-AU), grown in different regions in Queensland (Warra and Hermitage sites) and New South Wales (Liverpool Plains and Northern NSW sites). Mungbean varieties were evaluated in terms of visual seed appearance, measuring seed colour and size, prior to comprehensive nutritional evaluation of milled mungbean flours in order to determine the extent of variation between varieties and regions. Moisture, protein, ash, fat, dietary fibre (total, insoluble and soluble fibre), starch and amylose composition, starch pasting properties (RVA profile) and amino acid compositions were evaluated and compared. This survey may potentially lead to a larger scale evaluation in the future, broadening the scope to include other significant Australian pulse crops such as faba bean and chickpea. Ultimately, the information gathered from this survey may assist plant breeders, producers and processors in regard to improving, growing, processing and value-adding Australian mungbean for both domestic and export markets.
Introduction
The Australian pulse industry plays a crucial role in driving the future sustainability of the Australian grains industry. Pulses provide a range of benefits and are used in cereal crop rotations, breaking cereal disease and weed cycles, fixing atmospheric nitrogen into the soil, consequently, reducing the need for nitrogen fertilisers. These benefits are considered essential for a sustainable and more efficient grains industry in the future. The main pulse crops grown in Australia are chickpea, field pea, lupins, lentils, faba bean and mungbean. Australian mungbean production is primarily focussed in Central and Southern Queensland and Northern New South Wales, with around 95% of the crop exported to countries such as India, Asia and North America (AEGIC, 2015) .
Considerable efforts in plant breeding have primarily focussed on increased yield and disease resistance, which is crucial for the ongoing success and production of the crop. With an increasing understanding of the potential health benefits of pulse consumption in the human diet, there may be opportunities in the future for enhancing nutritional qualities through breeding and the development of new varieties (Nair et al., 2013) . Surveying the nutritional qualities and variation resulting from varietal, environmental and agronomic factors would provide valuable information for plant breeders, producers, agronomists and food processors. Identification of varieties or regions with higher protein content or other desirable quality attributes may enable further product differentiation for Australian mungbean in both domestic and export markets. Traditionally, pulse crops have been marketed as a commodity and graded on the basis of appearance, colour, size and purity. There may be opportunities in the future for further value adding to pulse crops by responding to the ever changing food processing industry and their requirements for high protein and high fibre functional food ingredients from raw materials. This may be achieved by modifying or expanding pulse quality classification in order to reflect the quality attributes that are sought after by the food processing industry. Shifting the dynamics at play in quality classification may also contribute to increased sustainability by reducing the amount of the crop down graded on the basis of visual appearance and increasing the value of the crop based on nutritional attributes.
Knowledge regarding the variation in nutritional quality of commercial Australian mungbean varieties so far has been limited, even more so, in regard to seasonal and regional variations. This scenario seems to be prevalent in other mungbean producing countries, prompting a recent assessment of the nutritional composition of twenty commercial mungbean varieties grown in China (Shi et al., 2016) . The authors reported significant differences in nutritional composition between varieties and also found high levels of resistant starch. Dahiya et al. (2013) also investigated the nutritional composition of selected newly bred and established mungbean varieties grown in India. Further studies comparing mungbean varieties grown in both China (Li et al., 2011) and India (Kaur et al., 2011) , focussed on starch physicochemical properties, structure and digestibility, reporting varietal variations that can impact processing quality and end-use applications. Varietal differences in protein content, protein isolates and functional properties have also been investigated (Li et al., 2010; Liu et al., 2015) .
In this study, the objective was to survey three commercial Australian mungbean varieties (Crystal, Satin II and Celera II-AU), grown in different regions in QLD (Warra and Hermitage sites) and NSW (Liverpool Plains and Northern NSW sites), in order to determine the extent of nutritional variation. It was not the intention to carry out any detailed genotype-by-environment (G×E) study, but rather to develop a better understanding of the nutritional composition of commercial Australian mungbean varieties and how these varieties perform in different regions. Crystal variety was released in 2008 and is large-seeded and shiny green in colour. Crystal is considered the dominant variety produced in Australia and is renown as a more robust and consistent performer in all regions, preferred by cooking and processing markets. Satin II was released in 2008, replacing the Satin variety and is also large-seeded, but with a characteristic dull green colour, preferred by niche markets. Celera II-AU was released in 2014 and is small-seeded and shiny green in colour, preferable for splitting and milling processes (varietal information sourced from Pulse Australia; www.pulseaus.com.au). In this study, seeds from mungbean varieties were initially assessed for visual appearance, size and colour, prior to being milled to flour for nutritional analyses. Energy value, protein, moisture, ash, fat, dietary fibre, starch and amylose composition, starch pasting properties (RVA profile) and amino acid compositions were evaluated and compared. This survey could lead to a larger scale evaluation in the future, potentially including other significant Australian pulse crops such as faba bean and chickpea.
Materials and Methods

Mungbean Seed Material
Mungbean seed samples were provided by the Department of Agriculture and Fisheries (DAF), Hermitage Research Facility (Warwick, QLD). The mungbean varieties provided for evaluation were Crystal, Satin II and Celera II-AU. These varieties were grown at Warra (Darling Downs region, QLD), Hermitage Research Station (QLD), Liverpool Plains (North-Western NSW) and Northern NSW. Mungbean seed samples were placed over a 2mm screen to remove broken seeds and foreign material. Clean and sound seed samples were scanned for visual varietal documentation, then measured for seed colour (Minolta) and seed size, as determined by thousand kernel weight (TKW) using a Numigral seed counter. Mungbean samples were milled to flour using a hammer mill (with 0.5 mm screen) and measured for flour colour using Minolta.
Nutritional Analysis
All nutritional testing was carried out in duplicate at the Analytical Laboratory based at the Australian Export Grains Innovation Centre (AEGIC) in Sydney. Protein content was determined by the Dumas method using the LECO TruMac protein analyser. Nitrogen determinations were converted to protein (%) using a 6.25 conversion factor. 
Amino Acid Analysis
Amino acid (AA) analysis was carried out at the Australian Proteome Analysis Facility (APAF) based at Macquarie University. Protein samples were subjected to 24 h liquid hydrolysis in 6 M HCl at 110 o C. During hydrolysis, asparagine is hydrolysed to aspartic acid and glutamine is hydrolysed to glutamic acid. The reported amount of aspartic acid and glutamic acid is the sum of their respective components. Both cysteine and tryptophan are destroyed under these hydrolysis conditions and were analysed separately. Cysteine analysis was carried out using performic acid oxidation followed by 24 h gas phase hydrolysis at 110 o C. Tryptophan analysis was carried out by 24 h liquid hydrolysis in 5 M NaOH at 110 o C. After completion of hydrolysis, all AAs were analysed using the Waters AccQTag Ultra chemistry on a waters Acquity UPLC. Samples were analysed in duplicate and average results were reported.
Results and Discussion
Mungbean Varietal Seed Characteristics
Representative seed material from Crystal, Satin II and Celera II-AU varieties, produced in the Warra region, is shown in Figure 1 for a visual comparison of relative seed size and colour. Seed weight, measured by TKW, as well as seed and flour colour were measured and reported in Table 1 . Mungbean seed colour is an important quality indicator and colour measurements were reported as brightness (L*), yellowness (b*) and red/green colouration (a*). Mungbean flour colour was similar between varieties with only slight variations observed. 42.8 ± 0.3 -3.5 ± 0.1 13.6 ± 0.5 62.7 ± 0.0 -1.6 ± 0.0 9.7 ± 0.0 Satin II 76.8 44.9 ± 0.1 -1.2 ± 0.0 9.7 ± 0.1 62.5 ± 0.2 -0.9 ± 0.0 9.0 ± 0.1 Celera II-AU 37.0 43.1 ± 0.2 -2.4 ± 0.0 12.9 ± 0.1 62.7 ± 0.0 -1.2 ± 0.1 9.2 ± 0.1
Hermitage Crystal 66.6 43.8 ± 0.1 -3.2 ± 0.0 14.8 ± 0.2 63.1 ± 0.1 -1.5 ± 0.0 9.6 ± 0.1 Satin II 63.6 45.5 ± 1.3 -2.7 ± 0.3 11.9 ± 0.8 63.5 ± 0.2 -1.4 ± 0.1 9.5 ± 0.1 Celera II-AU 36.7 44.2 ± 0.1 -3.6 ± 0.0 14.7 ± 0.1 61.6 ± 0.1 -1.5 ± 0.1 10.6 ± 0.2 
Liverpool Plains
Comparison of Nutritional Content of Australian Mungbean Varieties
Nutritional proximate composition for all mungbean varieties is reported in Table 2 . Energy values were calculated representing the total amount of kilojoules (kJ) from protein, fat, ash and carbohydrate that is released when utilised and digested by the human body. Carbohydrate values comprise starch, dietary fibre and sugars. Sugar content was not directly determined in this study, but starch and dietary fibre composition is reported at a later stage. Energy values were similar for all mungbean varieties, ranging from 1390 kJ/100 g to 1420 kJ/100 g.
Moisture content was similar for those varieties from the same region, however, the largest variation was reported for mungbean varieties produced in the Warra region, ranging from 9.8% to 11.5%, for Crystal and Satin II, respectively. Mungbean provides a considerable source of protein and has been previously reported to range from 14.6-32.6% protein (Dahiya et al., 2015) . Protein content reported in Table 2 is on a dry weight basis, with the Crystal variety ranging from 24.1% (Northern NSW) to 27.5% (Warra). Satin II exhibited the largest variation in protein content, ranging from 23.6% (Northern NSW) to 30.1% (Warra). Celera II-AU ranged from 26.7% (Liverpool Plains) to 29.9% (Warra). Based on these results, mungbean grown in the Warra region produced the highest protein content for all three varieties. The lowest protein content for each variety came from mungbean produced in Northern NSW and Liverpool Plains. Fat content showed little variation, ranging from 1.6% to 2.2%, for Crystal (Warra) and Celera II-AU (Hermitage), respectively. Ash content ranged from 2.7% to 3.6%, for Crystal (Northern NSW) and Celera II-AU (Liverpool Plains), respectively. Carbohydrate content in mungbean and other pulse crops have formed the basis of numerous studies, comprising mostly of starch (available and resistant), as well as monosaccharides, oligosaccharides and dietary fibres. Total carbohydrate was calculated by difference in 
AA Composition of Mungbean Varieties
The AA composition of Crystal, Satin II and Celera II-AU grown in different regions is reported in Table 3 (as mg/g flour). AAs can generally be classified as being either essential or non-essential in the human diet. Essential AAs cannot be synthesised by the human body, therefore, must be obtained in sufficient quantities from food. Essential AAs include isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan and valine. Mungbean varieties containing higher proportions of essential AAs would be desirable and beneficial for human consumption. The proportion of essential AAs, relative to total AA content, is reported in Table 3 , proving to be highly conserved for these commercial Australian mungbean varieties, ranging from 38.1% to 38.7%.
The rate limiting AA for all mungbean varieties reported in this study is cysteine, followed by methionine, or in some cases tryptophan. Cysteine and methionine are sulphur-containing AAs, generally rate limiting in pulse flours and protein concentrates. These sulphur-containing AAs show little variation between varieties, ranging from 1.4-1.6 mg/g flour for cysteine and 2.0-2.7 mg/g flour for methionine. Low levels of sulphur-containing AAs in mungbean flours can be by compensated for by blending with complementary cereal flours, to obtain a more balanced AA profile. Lysine content, however, is generally higher in pulses compared to cereals, ranging from 13.2 mg/g to 16.3 mg/g in this study. The highest lysine content reported for each of the three commercial varieties was produced in the Warra region as a result of higher protein content. Aspartic acid and glutamic acid are reported to be the highest in concentration, however, during amino acid hydrolysis, asparagine is completely hydrolysed to aspartic acid and glutamine is completely hydrolysed to glutamic acid. Values reported for aspartic acid and glutamic acid are the sum of their respective components. Celera II-AU 7.9 13.8 23.5 1.5 35.9 7.0 6.5 9.3 16.2 14.7 2.2 12.4 8.5 9.9 6.7 2.7 4.5 10.7 193.9 38.6
Northern NSW Crystal 7.0 12.3 21.0 1.4 32.3 6.2 6.0 8.3 14.6 13.2 2.0 11.3 7.5 8.9 6.0 2.2 4.1 9.6 173.9 38.6
Satin II 7.0 12.0 20.7 1.5 31.6 6.6 5.9 8 14.0 13.3 2.0 10.9 7.3 8.8 6.0 2.8 4.2 9.3 171.9 38.6
Celera II-AU 8.5 15.7 25.5 1.6 39.2 7.4 6.9 9.9 17.6 15.8 2.4 13.7 9.0 10.9 7.1 2.6 4.9 11.4 210.1 38.3
Dietary Fibre Composition
Mungbean and other legumes are a good source of dietary fibre providing a range of reported health benefits (Tharanathan & Mahadevamma, 2003) . Characterisation, functionality and application of dietary fibre in pulses have previously been reviewed (Tosh & Yada, 2010; Wang & Toews, 2011) . Total dietary fibre (TDF) comprises both insoluble (IDF) and soluble (SDF) fibre components and is reported in Table 4 . TDF and the ratio of IDF to SDF can significantly change as a result of primary and secondary processing conditions and is the basis of a further study. Resistant starch is also a form of dietary fibre, however, the standard TDF method used here measures only a portion of the resistant starch content, therefore, was measured directly. 
Starch Composition and Pasting Properties
Starch is the most abundant nutrient in cereals and pulses and is accumulated as a store of energy for seed germination. Starch consists of amylose and amylopectin, with the ratio of these two components influencing starch digestibility, pasting properties and end-use applications. Legume starches are characterised by high amylose content, generally found to be greater than 30% of the total starch composition (Hoover & Sosulski, 1991) . Li et al. (2011) evaluated ten commercial Chinese mungbean cultivars, reporting total starch and amylose content ranging from 54.7-58% and 40.4-41.8%, respectively. Shi et al. (2016) evaluated twenty commercial Chinese mungbean cultivars, reporting total starch and amylose content ranging from 40.6-48.9% and 12.5-35.4%, respectively. Total starch and amylose content for mungbean varieties evaluated in this study is reported in Table 5 . Total starch content ranged from 38.4% to 45.1%, for Celera II-AU (Northern NSW) and Satin II (Northern NSW), respectively. Amylose content, as a proportion of total starch, ranged from 30.5% to 40.7%, for Satin II, produced in both Warra and Liverpool Plains, respectively. Celera II-AU also showed variation in amylose content, but not to the same extent as Satin II, ranging from 31.7% to 37.1%. Amylose content was more consistent for the Crystal variety, ranging from 33.7% to 37.1%.
Starch pasting properties were determined by RVA profile and the results are also reported in Table 5 . Starch pasting properties reported are peak viscosity (PV), peak time (PT), final viscosity (FV), breakdown (BD), hold viscosity (HV) and set back (SB). PV provides an indication of the water-holding capacity of the mungbean starch mixtures and ranges from 160 to 259 (RVU) between varieties. The PV for Celera II-AU is the lowest from all four regions, ranging from 160 to 188 (RVU). 
Conclusion
The objective of this study was to survey and report the level of nutritional variation between commercial Australian mungbean varieties grown and produced in different regions in QLD and NSW. Information reported in this study may prove to be useful to Australian mungbean producers, plant breeders, agronomists and grain processors in the future. This study has shown that there is some level of variation in the nutritional composition of commercial Australian Mungbean varieties but predominantly these varieties are stable when grown across different regions. Such an example of this variation is the protein content, considered a significant nutritional attribute for mungbean quality, varying considerably for the Satin II variety, ranging from 23.6% protein content in Northern NSW up to 30.1% protein in Warra (QLD), an increase of 6.5% protein on a dry basis. Variations in protein content of this range could be taken advantage of and marketed to the food processing industry as a premium high protein product, attracting premium prices and increasing returns for mungbean producers in that region. Nutritional variations such as increased protein content as well as generally high levels of resistant starch need to be recognised through the mungbean quality classification system and utilised for value-adding purposes and differentiation of premium mungbean products in both domestic and export markets. Further research on mungbean nutrition could include determining variations in mineral content, nutrient digestibility and bioavailability, as well as food processing properties, essential to further strengthening our understanding of mungbean quality and increasing potential value and use as a food source.
